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TECHNICAL NOTE 2590

CAICULATIONS ON THE FORCES AND MOMENTS FOR AN
OSCILLATING WING-ATLERON COMBINATION IN
TWO-DIMENSIONAT. POTENTTIAT. FLOW
AT SONIC SFEED

By Herbert C. Nelson and Julian H. Berman
SUMMARY -~

The linearized theory for compressible unsteady flow is used, as
suggested In recent contributions to the subject, to obtain the velocity
potential and the 1ift and moment for a thin, harmonically oscillating,
two-dimensional wing-alleron combination moving at sonic speed. The
velocity potential is derived by considering the sonic case as the 1limit
of the linearized supersonic theory. From the velocity potential
explicit expressions for the 1ift and moment are dewveloped for vertical
translation and pltching of the wing and rotation of the ailleron. The

' paper provides extensive tables of nmumerical values for the coefficients

contained in the expressions for 1ift and moment, for various values of
the reduced frequency k (0< k< 3.5) and aileron hinge position (from
10 to 90 percent of the wing chord). The sonic results are compared and
found to be consistent with previously obtained subsonic and supersonic
results. Several figures are presented showing the variation of 1ift
and moment with reduced frequency and Mach number and the influence of
Mach number on some cases of bending-torsion flutter.

INTRODUCTION

Instability investigations for high-speed aircraft often require a
knowledge of the alr forces and moments that act on an oscillating wing
moving at high speed. PFor subsonic and supersonic speeds the main source
of theoretical information has been the solution of the' linearized dif-
ferential equation for compressible flow. For sonic or near-sonic speed,
however, the linearized theory has been generally assumed inapplicable,
since it does not allow for thickness effects, shocks, and strong dis-
turbances. As is well known, it predicts infinite forces on a non-
oscillating, thin, unswept wing moving at sonlc speed.
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Important differences exist, however, between the steady and
unsteady cases. By a discussion of the order of magnitude of the terms
of the general nonlinear differential equation for compressible flow,
reference 1 shows that for unsteady two-dimensional flow at sonic speed
this equation is essentially linear and in linear form leads to phys-
ically plausible results for the forces on a thin oscillating wing,
provided the frequency of oscillation is sufficiently large. A similar
conclusion was reached in reference 2, where linear methods applied to
a wing in two-dimensional nonstationary flow at sonic speed yielded
perturbation velocities of the same order of magnitude as those obtained
for subsonic or supersonic speeds. In references 3 and 4 expressions
and some numerical values are given for the 1ift forces and moments on
an oscillating two-dimensional wing moving at sonic speed. Because of
the importance of the sonic problem in present-day flight considerations
and because of the insight into the three-dimensional problem that the
solution for two-dimensional flow will probably afford, the purpose of
the presenmt paper is to develop the two-dimensional case more fully.

Consideration is thus given to the case of an oscillating wing-
aileron combination in two-dimensional flow at sonlc speed. The velocity
potential for this case 1s obtalned, and from the velocity potential
expressions for the air forces and moments on the wing-aileron combina-
tion are developed in terms of the frequency -of oscillation. Rumerical
tables of the coefficients contained in the expressions for 1ift and
moment are supplied which may be used for the theoretical calculations
involved in wing flutter and other instability problems for sonic speed.
The tables provide a means for obtaining conmtinuity of calculation
between high-sybsonic and low-supersonic results for the oscillating
wing-alleron combination in two-dimensional flow. .

Because of the small-disturbance assumption, the theory and sub-
sequent results are subject to the same restrictions imposed on all
small-perturbation theory, subsonic and supersonic. In addition, as the
frequency approaches zero, the difficulties of the steady linearized
problem are encountered; therefore the validity of the subsequent results
is subject to question for the range of low frequencies. Moreover,
uncertainty exists because the linear unsteady results are considered to
represent disturbances from an equilibrium position that is governed by
nonlinear relations, and a great amount of experimentation may be neces-
sary to determine the region of validity for the calculations. Neverthe-
less, the results serve as a bridge between subsonic and supersonic
theory and may be applicable for a range of high frequencies.
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w(2bx,t)

SYMBOLS

veloclty of sound in undisturbed medium

wlng semichord

section 1ift coefficient

section moment coefficient about leading edgé
Fresnel integral defined in equation (23)
vertical displacement of axis of rotation
Bessel function of zero order (first kind)

reduced frequency (wb/V)

quantities defined by equation (22); 1 =1, 2, 3, L, 5,
and 6

quantities defined by equation (23); independent of wing-
axis-of-rotation position

mass of wing per unit span
Mach number (V/a)

aerodynemic section moment on wing about axis of
rotation, positive leading edge up

aerodynamlic section moment on aileron about its hinge,
positive leadling edge up

pressure_ difference

aerodynamic section normal force, positive downward
time’

flight speed

normal velocity at x, at time +
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X,Z

x' = Zbx
y' = 2by
z'! = Obz
%
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nondimensional rectangular coordinates, referred to 2b

abscissa of axis of rotation of wing section; referred
to 2b

abscissa of allerop hinge; referred to 2b

location of center of gravity of wing-aileron system
measured from elastic axis (see reference 5)

angular displacement (pitch) about axis of rotation

effective angle of attack due to vertical translation (ﬁ/V)

angular displacement of aileron; measured relative to «

phase angle between 1ift due to h and bending
velocity h

phase angle between 1ift due to a and position «

phase angle between moment due to h and bending
velocity

phase angle between moment due to a and position a

2
densi parameter b, reference 5 uses U = X
m /° pn

E ]

abscissa of poinmt of disturbance; referred to 2b

density In main stream

time varieble

" times required for transmittal of. disturbance to field

point
disturbance velocity potential

angular frequency of oscillation
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ay natural bendiﬁg frequency of wing
Wy, natural torsional frequency of wing
ANATYSIS

The theory presented herein for two-dimensional flow at sonic speed
1s based on the assumptions that the two wing surfaces act independently
and that wake effects are absent. Thus the sonic case as treated 1s more
akin to the supersonic than the subsonic case. The velocity potential
for the osclllating two-dimensional wing moving at sonic speed 1s derived
by allowing the Mach number M +to approach unity in the velocity poten-
t1lal for the wing moving at supersonic speed. An alternative derilvation
1s also given in which the potential is obtalned directly from the lin-
earized differential equation by a method of solution employing the
Laplace transformation. In reference 3 Rott obtained the velocity poten-
tial by superposition of the elementary source solution of the linearized
differential equation.

Velocity potential for sonic speed.- Consilder first the. velocity
potential for a harmonically oscillating two-dimensional wing moving at
supersonic speed, given in reference 5 as

dar

‘ X
2 -
(2bx,t) = - Zb w(obt,t)e dr_d¢ (1)
e Viﬁ‘—IUZ (GERITES

where

. = 2o(x - &)
172+ 1)

Ty = Zb(x - )

a(M - 1)

a 1s the speed of sound in the undisturbed medium, x and £ are
nondimensional coordinates referred to the wing chord 2b, w(2b&,t) is
the prescribed local normal veloclty at the wing surface, and ® 1is the
frequency of oscillation. The integral in equation (1) represents the
total effect of all the disturbances created by the wing. The time-lag
functions 7, and T, are associated with the two pulses that occur

at the point x because of a disturbance created at the point £ (see
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reference 5 for more complete discussion). Another form for equation (1),

also given in reference 5, is -
X —iQk'Mg x-£) |
2_
B(2bx,t) = - ——R w(2bE,t)e M=-1 JO<2k' X—e'—g—)dg (2)
e - 1 M= -1
0 !
|
where k' = b . :
a |

As the Mach number M approaches unity the argument of the Bessel i
function JO in equation (2) becomes infinite, and the following i
|

agymptotic approximation is applicable:

1im Jo(ek'x"§ =V/M2'1 coska—:-—g—--E- (3)
M—>1 Me - wk(x - ) ¥ -1 :
where on the right-hand side k' has been replaced by k since k = b"?b- '
eand k' = 1im k. At M =1 ‘the time-lag function T, contalned

M—>1
in equation (1) becomes infinite and the influence of one of the two
pulses characteristic of supersonic flow becomes vanishingly small.

(By considering the sonic case as a limit from the subsonic side, the .
wing at sonic speed cannot overtake the second pulse.)

By letting M approach unity in equation (2) and using equation (3)
in the process, the sonic velocity potential is found to be

N .
B(2bx,t) = '—2bf “w(2bg,t)e(x - E)at (%) |
0 . i i
‘ i
where 1
-ikx
G(x) = % =
Inkx

Equation (4) can also be obtained directly from the linearized
differential equation for two-dimensional compressible flow, which may
be written as )
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13,y 2y 2 5% IR C)
a2\0t  ox' 3x'2  dz'2

For the harmonically oscillating wing moving at sonic speed, equation (5)
becomes

Xy o 21 dY
w2 e W (©)

where the disturbance wvelocity potential ¢ is related to V¥ by

; ¢(X',Z',t) = w(xl,zl)eium

and x' = 2bx and z' = Zbz. The mean position of the wing (given by
z' =0 and x' 2 0) and the rectangular coordinate system being used
are moving at velocity V = a i1n the negative x'-direction, as shown
in figure 1. Since this paper is concerned only with the 1lift of a thin
wing, the boundary conditions that equation (6) must satisfy are

@“ﬁ) IEIC) (x Z0) (7)
¥Y—>0 as z'—>tew (8)
¥=0 (x'<0) (9)

In accordance with small-disturbance linearized theory the boundary
conditions are expressed for the mean position of the wing rather than
the wing itself. Equation (7) implies that the normal-velocity distribu-
tion on the wing is given; equation (8) is a condition on the behavior

at infinity (the manner of approaching zero is associated with the radia-
tion condition of Scommerfeld); equation (9) is the condition that no
disturbances be propagated forward of the wing. Since the velocity
potential must be contimious, equation (9) implies that

¢(+O:Z') = ¥(-0,z') =

Equations (6) to (9) constitute- the boundary-value problem for the
velocity potential @.
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As a matter of possible interest an alternative derivation of
equation (4) that makes use of the Laplace transformation (as was done
by Stewartson in reference 6 for supersonic flow) is presented. Applying
the Laplace transform

—"if-(S,Z') =\J" e—Bx'W(X',Z!)dxt
0]

to equations (6) to (9) yields

o \
(%): <2—-€-iw 8 - L:—i)ﬁ = poy - (1o)
(“'i) o = w(s) : (11)

V—0 as z'—i (12)

From equations (10) to (12) the value for V¥ is

- 1 (8) -pz'
ﬂ,__[:,l"' = (13)

I(‘rom equ:;rtion (13) the value for ¥ at the upper surface of the w:Lng
z' = +0) is '

. () (14)

m

Applying the inverse transform to equation (14) yields

x!
¥(x',+0) -J; w(ET)e(x' ~ &)at’

or

il

xl
B(x',+0,t) -ei‘”tfo w(er)a(x' - gr)ag’ (15)
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where

_dog,

1 e Qa}c
G(X'). =3 T
=2 1
T 5 X
£' = bt

Equations (15) and (4) are idemtical, each giving the velocity potential
at the upper surface of the wing.

Application to wing-aileron combination.- For the particular case of
the wing-ailleron combinastlon oscillating harmonically in vertical transla-
tion h, pitch o, and aileron rotation P (see fig. 1(b)), the normal
veloclty at a point x of the wing chord may be expressed as

w(2bx,t) = -[h + Va + 2b(x - xg)d + VB + 2b(x - x7)f] (16)
where
h = hoei“m
a = CLOeia)t
_ it
B = Boe

ho, s and BO are complex amplitudes, and the . B terms are to be
interpreted as zero for x L Xq - Since linearized theory is being

employed, the potential given in equation (4) may be considered as the
sum of flve potentials, each of which is associated with one of the
terme on the right-hand side of equation (16). Hence the potential may
be written as .

¢=¢ﬁ+¢a.+¢d+¢ﬂ+¢é (17)
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where upon substituting equstion (16) into equetion (4)

X
B = 2bf1f G(x - t)ae
0 :
B, = EmeF a(x - t)ae
0
s = %g&fx (¢ - xg)G(x - e)ag
0
X
pg = E’bVBf G(x - g)dg
gl
g = hbzéfx (& - x)6(x - g)ag
Xl /

Forces and moments.- The velocity potential for the upper wing )
surface given in equation (4) is antisymmetric with respect to the
plane z = 0, 'as may be noted in the boundary condition, equation (D).
The local pressure difference, positive downward, between the upper and
lower surfaces of the wing at anmy point x is obtained from equation (4)

by means of - '
- 2p(28 4 Y2 '
ap 2p(8t+2bgg ,

where p is the density of ‘the undisturbed medium. The force (positive
downward) acting on a wing section is therefore

‘ 1 .
' P=2bJ;Ade , (18)

The moments (positive leading edge up) acting on the entire wing section
about the axis of rotation at xg and on the aileron section about the

hinge point X, are, respectively, - ,
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pa— 2 l ‘ |
M, = b A (x - x5)ap ax (19)

, 1 ,
Mg = hbgf (x - x7)Ap ax (20)
X1

Upon substituting equation (17) into equations (18), (19), and (20) and
performing the indicated integrations, the results may be written as

~

P = -lobvRkleimt EO_(Ll + ﬂ,g) + a.O(L3 +'1L1,_) + %(L5 + 1L6ﬂ

(21)

5 - '
M, = -bpb2y2x2elwt _%Q(Ml + 1”2) + “O(H3 * ﬂ'ﬁ*) + P 0(M5 " ﬂ%):l

R4

MB _ -l;.pbgvzkeei“’t r:%(ml +'1N2) + G’O(N3 + iNh) + BO(NS + iN6>:l

7

The coefficients of equation.(21) can be expressed as follows with

primed quantities introduced for convenience in numerical tebulation to

denote terms Independent of the wing-axis-of-rotation prosition x,
(referred to Xy = 0): ’

Ip + ilp = Iy +,1];.2' ' N

-L3+1L1+=L3'+1Lh'-2x6(_lq_'+112'). '

L5+ﬂ6fL5'+ﬂ6' | ‘

M+ My = Mt Al —2x0(L1' +:LL2.')

Mg+ My = My' o+ iMT - QXOKMl' + M) (L3' + iL‘*'):l +
P (L + 1L') o

M5 + Mg = N5‘ + 1Ng' ‘+ 2(xl - xo)(L5' + 1L6')

Ny + 1 P A Mt My - 2xy (I *ﬂ‘zl)‘

Ny + 1Ny = Np' + iN,' - exo(nl + :LN2)
N5 + ig = N5' + iNg' J

1}
g

T e T S e e e e e e o e e e~ ———— e = v e e e o e
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The primed quantities, as a result of integration by parts, can be
expressed as

1-1 1+1,f0o -ir
L' + 4L ' = - £(r, — 0
1 2 To (0) r02 25
1-1 21 1 1+ 1,/f0 -ir i
Lyt + iIy,' = -2 + = + f(r,) + — e ‘362 - ——\
3 b 2r, To | oo 2) (%o) 2ro2 V= o/
Lg' + L' = (1 - x)3 1 i(-2+?_i.+_.—1 )f(rl)_+

0 2ry
Myt o+ AT = 12;0i (‘ g % - 2303)10(%) * ;:21 % iro(% - §2r‘i(; + ;%5
N '+ IR, = x;3 12;21<2 + ;2;_-)1'(;2) + ;;21 ;_12( 'ir2<2 + %},
N3' +1N ' = xlh[le; i(—%+r—i+_l_2.+-i_.)f(r2) +1 +2i‘f2_§£- i
2 15 r, 2r 3r

Y
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where
ro =k
Ty = (l - x)k
T, = xlk

and the quantities f(rj> are the Fresnel integrals

_ J eix B ‘
)= [ =020

The primed quantities Ly' and M;' (1 =12, 2, 3, and 4), associated
with wing bending torsion, are tabulated in table I as functlons of the
reduced frequency k for the range 0 < k € 3.5. The primed quantities
L;'; Myt (1 =5 end 6), and N' (1 =1, 2, 3, 4, 5, and 6), introduced
by the aileron degree of freedom, are tabulated in or can be obtained
from table II for the same velues of k and for values of the aileron
hinge position x; ranging from O.1 to 0.9 in increments of 0.1. In

order to make the tabulated values more uniform, each of the primed
quantities listed in the tables has been multiplied by the reduced

frequency squared k?, which appears in the force and moment equations,
equations (21). -

DISCUSSION

Iift forces and moments.- The 1lift forces and moments, the coef-
ficients of which are glven in teble I, apply to a thin, oscillating,
two-dimensional wing moving at sonic speed. A comparison of these
results with the forces and moments previously obtained for the same

type of wing moving at subsonic and supersonic speeds (references 5, T, 8,
and other papers) may be of interest.

For purposes of comparison, consider the case of a wing pitching
about its leading edge and translating vertically. The 1ift coeffi-
clent c, and the moment coefficient about the leading edge cp can be

expressed as
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\
cy = - —5‘-5 = hEik(Ll' + ﬂ.z')ah + kE(L3' + ﬂ.ll_')a] -
o f | L (24)

cy = pr_Mgve = -2[—11:(M1' + :I.Mg')a.h + k?(M3' + iMJ*'){]

vhere Ly = %- is the angle of attack due to vertical translation and

the quantities Li' and ' are now dependent on M as well as k.
For the nonoscillating wing in incompressible flow (k = 0, M = 0)
c; = 2m and cp = -gmm From equation (24) the 1ift- and moment-curve

slopes (complex derivatives) assoclated with vertical translation and
pitching are, respectively,
W

g (25)
bt th(L3' + 1L1L')

== 2k2(M3' +.:I.Mh')
N /

In figure 2 the magnitudes of the slopes given by equation (25) are
plotted against k for several values of M, and in figure 3 the
associated phase angles are plotted. In figures 2 and 3 the dashed
curves represent the supersonic results, the solid-line curves represent
the subsonic results, and the solid-line curves with several of the -
computed points circled represent the sonic results.

In figure 2 the variation of slope with Mach number for the steady
case (along ordinate k = 0) is given by the Prandtl-Glauert rule for
subsonic speeds and the Ackeret rule for supersonic speeds. Bach of
these rules predicts an infinite slope at M = 1. In the figure, the
values for the slope magnitude become excessive only for Mach numbers
approaching unity and values of k approaching zero. In this neighbor-
hood the linearized theory does not apply, and the Mach number and
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kX range in which the theory is applicable awalts experimental or
theoretical determination. In figure 3 the phase-angle curves for M =1
depart from those for the other Mach numbers in the low k range. At

k = 0, the phase angle for M =1 differs from the constant phase angle
of all the other Mach numbers by 45°.

Figure U contains a cross plot against Mach number of figure 2(a)
for several values of k. Note that the maximum lift-curve slope occurs
at M =1 only for small values of k. Above & k of around 0.2, as
may also be noted in figure 2(a), the maximum lift-curve slope for a
particular value of k occurs at a Mach mumbeir less than 1.

Some applications to bending-torsion flutter.- In reference 5 a
systematic numericel study of the bending-torsion flutter of a two-
dimensional wing was made including, among other considerations, the
effect of Mach number on this type of flutter. The results were pre-
sented in the form of filgures. Table I of the present paper is used to
obtain points at M =1 for.figures 18 and 19 .of reference 5. These
figures of reference 5 with the M =1 points added are presented as
figures 5 and 6.

In figure 5 the flutter-speed coefficilent V/qu is plotted against
Mach mmber M for several values of the density perameter 1/, for
wings with the center of gravity at 60 percent chord and the elastic axis
at 50 percent chord. The points for Mach number 1; indicated by circles,
are consistent with the results of reference 5. As a matter of possible
interest some values of the reduced frequency are.indicated at M =0
end M = 1. .

In figure 6 a plot of the flutter-speed coefficient V/bw, against
the ratio of wing bending frequency to wing torsional frequency mbﬂql
is shown for several Mach numbers. The curve for M = 1, calculated
points of which are circled, is shown in relation to the curves pre-
viously given in reference 5. .

CONCLUDING REMARKS

The linearized theory for compressible unsteady flow has been used
to obtaln the forces and moments for & thin, harmonically oscillating,
two~dimensional wing-aileron comblnation moving at sonic speed. These
forces and moments and the flutter results obtained from them were found
to be consistent with similar calculations previously obtained for other
Mach numbers. In assessing or applying the results for a Mach number
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of 1, the limitations associated with linearized theory should be kept
in mind. ’

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va., September k4, 1951
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TABIE I.- VALDES OF FUOCTIONS R WING FLUTTER CAICULATIONS
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.03 LO6TO37 - .0T1182 2.4638 ~2.1k07 03953 .oLgs69 1.7271 -1.3k02

.05 . 061508 . OBL663 2.6593 ~2.37%9 .0k0169 NelKlept 1.8573 -1.5041

.02k .05032% 063291 2.784 -2.4300 039131 .0h2991 .1.688% -1.5hkok

023 .0%9116 061898 e.g‘roﬂ -2.1488% 038673 .0h2013 1.9219 -1.5830
022 | .OFT8TT 060481 2.8269 -2.5508 037893 .0h1018 1.9%76 -1.6262

.021 056602 059032 2.8871 -2.%32 037091 OHDOCk 1.9961 -1.68723

.020 .055 .0STo52 2.9519 -2, 03626k ,038972 2.0376 -1,7216

.019 L0539 . 056038 3.0219 -2,7653 035411 'O%tg 2.0825 -1.TThé

.018 .0%2563 .058l50 3.0978 -2.8480 J034532 0 2.131h -1.8316

017 051133 052901 3.1804 ~2.9377 .033619 .035ThL 2.1847 -1.8934

.Q16 049656 051272 3.2712 -3.033%6 032676 03h614 2.2k32 -1.9606

.015 .0h8130 .0h9%55 3.3710 -3.1k28 031656 .033435 2.3078 -2.0341

.01k .ol&skh +ORTO05 3.581% -3,2610 030678 .03226L 2.379L -2.1150

.013 . . OhG080 3.6048 -3.392% 029617 .031035 2.4=95 -p.p0L8

.01a .ok31 . O4liopT 3,743k -3.539% .ceB%06 025763 2.5458 -2.30%0

.011 Lol . 042303 3.9012 -3.@59 02738k . 2.6%26 -2.4183

.010 .039 . 0hozoh 4.0823 -3,0961 026118 .ORTOTE 2.7710 -2, 8l

xg

06Ge NI YOVN

L1
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TARIE IT.- VALUES OF FUECTTONS FOR ATLERON FLUITER CALCULATIONS
X 4 ' [ [ . X2H, ! t '
( ) ¥ig L =N P, X2, ik x2ris Prg
. =35
0.1 0.8906T | 2.731% -0.09339 3.134%4 0.74199 3.9501 0.12031 -0.86753
.2 .8033h | 2.13%7 ~.0450%2 2.5061 m 3.2668 60700 e.ggg
g A% | 16131 -.0065088 | 1.93% . 2.6203 7589 1.
. .6ashp | 1.1660 .018221 1.k282 .32026 2.0135 35951 .96683
.5 izaﬁf. .T9307 .028928 99321 .22116 1.4603 2567 55513
.6 BN 11-2;0& 029296 .6339% RUNTSI -97433 16833 28195
4 2 | s ~0120% 35t ~035526 26 ggg;% %37%1
9 s | - .0034555 | 038&%0 | . .063225 -000386 0008865
x = 3.0
0.1 0.90819 | 2.3077 20128 2.6676 0.75299 3.3431 o. -1.0036
.2 82032 | 1.8021 -.1h3k2 2.1398 .ﬁsas 2.7k . 1.9796
.3 23081 1.360% -.092088 1.6590 4511 2.222h 48gk2 1.3160
5 . 98181 -.051800 1.2308 .39302 1. _.368% 82271
.5 E% .66LT8 ~.023670 86078 22208 1. 261 .kgg
.6 . = gﬁo -.0068100 55321 .1%093 .82635 .16582 R
9 11580 | -.017%83 -0011246 .ms 008TLET ek | Gaoheo 0018736
x =25
0.1 0.93119 1.%879 -0.26703 2,15T2 0.TT78L 2.7522 1.%3 -0.20819
.2 Bhoes | 1. -.20750 1. 60881 2.2808 . 1.
i THEY9 ngz -.15129 1.357% 56103 1.8261 .503?5 1.08372i
. .648kY % -.10298 1.00%0 m 1.%039 37653 .68113
.5 .5L688 . -.06%825 TOSTS . 1.2{1@ +264T3 «392h6
.6 hg93 .3e213 -.036076 5578 15533 6794 ~17043 .19903
'8( <33476 15607 -.OL7119 25831 .080881 .39763 3456 082000
. 22753 037479 -.0061219 211543 .035620 .18376 041826 02190k
.9 212326 | -.030013 -.0011501 028958 0088363 OhTTIL 00072859
X = 2.0
0.1 0.95660 | 2.h127 -0.27189 1.6293 0.81216 2.1748 1.3513 -0.63396
.2 86004 | 1.1456 -. 22051 1.3098 .63808 1.8017 R 1.29%3
.3 .T6036 85876 ~.16926 1.0197 48888 1.5k32 1552 ,863kk
b 65768 6110 -.12269 <T620% .3531h 1.3075 .38209 Shiph
R Ezeho R -.032900 53616 .25290 80216 26633 .31058
.6 4536 .23188 -.050932 34768 %‘) 53476 «17000 .15666
. .2316% .ook8k3e | -.011370 088860 .03T6TT S1454 .0k1592 015236
.9 212862 | -.ohs2T2 -.002638% 022515 0093252 .03712 .010627 -.00062204
: k=1.9
0.1 0.9799% | 1.0577 ~0.21153 1.1188 0.84629 1.6153 1.5453 -0.28161
.2 8T691 .81520 - 177k %ﬁ 66784 1.3386 61928 96219
}3; LTT191 .60170 -.1k113 . 50999 1.0729 52182 6h1h5
. 66539 1673 -.10616 .52088 .3ThoY 82193 .38333 R
.2 .55793 26010 -.g‘{hGﬁ .36;:3.76 L5792 ~ -59hTe 6516 m
1 ieh | i | Teka | Sar | e | S :@ e
. 23560 | -.03%65 -.011820 .06118% . . .007ho45
.9 3761 | -.0634%66 -.0029058 015481 010055 . 010587 -.0023279
. X = 1.0
0.1 0.99808 | o.62sm1 -0.10111 0.66383 0.863%9 1.0685 1.3319 0.01581%
.2 85071 L63TT -.09034% Pse .68378 .88808 68000 62662
i 78309 .32129 ~.0T13 51001, 52h46 .T1223 51857 R5T-.)
. 67565 19781 -.08929 -30482 38573 -34649 .37688 25176
5 ﬁ&m .093697 -.043368 .21k25 26795 39342 261k 13690
.6 k6309 0096862 | -.028919 13880 .171he L2637 16637 060546
K¢ .3%939 | -.o5emh9 -.016806 .0T9021 096326 15370 R m&m
.8 gg ~.090%%8 -.00T6650 .035540 LO%2ThL 070828 . -
.9 . -.095913 -.0019552 B .010663 .018337 .011830 -.0047628
X = 0.8
0.1 1.0058 0.%3%53% -0. 0.50%18 o 0.85646 1.£35% 0.0838k0
.2 89824 .3061k - 15] 50143 ﬁ .70630 67520 h8h63
3 ~T910% 19227 -.043885 % 52352 .56 51k39 3135
- .63k oelwsg :.03587 . 38556 R - 37995 18566
6 ooz | -omeszs -.m 30403 ﬁ 21067 K774 ,0356T0
¥ . TR | e | s | Tem | o2 e ol I
:9 :% _nk -20013332 :0067050 :019760 :ongg’ :oﬁ -.0061613
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TABIE ITI.- VALIES (F FURCTIONS FOR ATLERON FLUTTER CALCULATIONS -~ Combimned

N B R B R S - T I N (. OO R B ¥
X = 0.

0.1 1.0191 |o.ez16% | -0.0032162 | 0.362% | 0.8%073 0.6133 | 1.1206 0.10198
2 9127k 125%2 -.cﬁgﬁg 28651 6T3% 51660 66834 .33006
3 e |- | namE | 2| S eos | 37 i
5 :goo -.087916 | -.o206%2 :ﬁﬁ 6m3h P3RBT g5 “oheo
6 9655 |-.13117 |- -.0078988 073059 17025 15691 16781 0076522
g .39488 -.1ng73 -.00%9936 041386 m 091893.'! 36638 -.011239
9 Bl 185 | R | k| s | SR | B | s

x = 0.5

0.1 1.0538  [0.0Mh99k 0.0361k2 0.23706 o.% 0.35098 1.0027 0.0543686
.2 . -.10525 .02265% .18582 . 30456 66499 14668
i . -.15606 013670 .1k1T2 g_’o;% 25195 51053 070298
.5 .&313 -.gu gg'zsss 10395 . .% 3T0T 017218
6 =iz | -lgk 00aem8 | oo | .seen “osB23 :Hﬁ Zlo31136
g 43912 | - 28857 m 026066 093675 .05822% 210259 -

. .33362 | -.20829 R 5 011615 020179 mssgoomh 049926 -.02%6%%
.9 ,21789 | -.18066 -.000029310{ .0029130 010557 . 0157504 -.011035
k = 0.35 ) !

0.1 1.1232 | 0.0303% 0.0k2223 0.21k01 0.8339% 0.29112 0.8k152 0.19224%
2 1.0089 | -.0684% 027935 167k 65750 25654 . .10323
g 89191 | ~.15063 017936 12743 50339 .E!.hj-g 51262 038111

TTH83 | -.21569 .011013 . .37023 .1699% . 38017 -.0057839
3 % -.96288 0053034 .O6¥ 25752 12607 268kY - oﬁ
6 . -.29087 0032579 .Ok1k08 16512 085600 .17582 -
Z L2738 | -.29733 0014338 023307 093079 050808 1047 -.038632
.31278 | -.27738 .0004Th3k .010373 o438 -023727 +051359 =-.02737T7
9 LJA94M | -.21923 . 002558k 010388 0062091, .016112 -.011B73
k = 0.32

0.1 1.1%18 056245 0.O4THTT 0.19161 0.83258 0.22710 0.84325 0.13065
2 1.0257 | -.1%163 032523 15957 65555 BPrE’? 66906 056003
a .90938 | -.21188 0217 .1136% 250139 ek 51612 0028800

.T9305 | -.26%07 m .083076 .36853 .1k025 .38609 =.0;
5 .6 -.30429 E . ©L.25611 10510 . -
6 é? -.3241% 0054059 .% 16215 OT5T9% ﬁ -.3?319
g JBe617 | -.32337 0022870 020650 092582 042991 10745 -.045130
33022 | -.2969% 00086655 <0091TTT 1178 020187 053123 -.030313
9 .20839 | -.23187 .oo01822%5 | . 01031k .0053115 | .016845 -.0128%9
X = 0.88 ~

0.1 1.1638 |-0.15172 0.0517Ths 0.1658% 0.8328% 0.15T3L 0.84743 0.062999
.2 1.3&82 -.ggﬁg .0363k8 13285 JE5ATL 14985 . 093276%
3 e | s e | omm | 2o e | mer | ComEs
B} STOOT3 | -.35225 010372 % 25453 .082571 i@b -.068418 .
.6 m -.33?&30 0059935 .0 .16308 g;gn . 3 -.%
g . - .0030503 018093 m R 1312& 11095 :.03“39
9 250k | -.2k7oT .00027259 | .0020056 | .010245 .ooh3zoz | .ol -.01A009

x = 0,24 :

0.1 1.19%0 -o.eggg 0.054843 0.1k865 0.83601 0. 0.85536 -0.01301k
.2 1.0788 | -.31 .039262 11585 65583 m 68636 - 05541
. 96319 | -.36111 07307 .087322 .50013 .08k%o7 KX eck -.081216
. 84758 | ~.39238 .01855% .06 36662 -07309% 39792 -.092506
.5 Z%% -.hoge8 .011918 Ok 2532 057876 08558 -.091h05
.6 . -.%1006 oo% 027810 16270 +Ok131T 19102 -.080231
4 oy | T35 003 ooy | oame s | ey | ok
9 oss2 | - :ooosﬁa ~0007273 st .0033103 | 018333 | -.o15kck

X = 0.20

0.1 1.1847 |-0 0.036532 0.12795 0.84412 | -0.0082108 | 0.93132 -0.17029
.2 1.6830 | -. .0%1076 095080 .66048 .018%512 . -.12555

i .9810% | -. 029205 LO7aTb 50964 030608 54395 -.13410
. .8782% | -.h9112 020050 035292 g&o .033313 41036 - 13162
.5 .TTH00 | -.479% 013047 037358 25kTh +0300; 29578 -.é.ggo
.6 L6672k | -.556%6 . .023731 gﬂa oe:«xag %}{ -
3 e | s3am 001 “oosaes | oo | lobame | otk
9 -26519 | -126886 -000k1096 | .coih6ok | .onoam|  .cozimB | .oz0376 | -.o17e18
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FARIE IT.~ VALUES OF FURCTIONS FOR AIEERON FLUTTER CALCULATIORS - Coutimied

N e _ P ox _ Pu, _ xn" _ @ | eny o
g X = 0.18
0.1 1.2147 -0.53982 o.%ﬁu 0.117T% 0.85115 -0.058372 9336h ~0.21066
.2 11127 -S4727 LONLA9L 091031 66501 -.021025 | .O7h2 -.16456
m 1.0102 -.55T43 029680 068531 50541 00029990 | .55362 ~.16k84
. 90658 -.539%0 020491 MMHM 36942 .010968 | 11693 - 15453
5 80115 ~.=28; 01342k R &wumm .Olkih2 | 30300 -.Hmvmo
.6 69268 -._ﬁ»mw 0081269 .02165% 16 .onwNm» .B054Y -.10951
m 57899 -.5k919 .o0k3332 012115 %Hmﬁ . 12596 -.07T923%
. 4553, -.38485 .0018283 .0053512 . mw .0051801 | 064450 -.owmrmm
.9 30978 -.28480 .00043545 0013308 0101 L0015101 | .02131% -.018316
0.16
0.1 1.2518 -0.61565 o.mm@mm 10760 0.86126 -0.11399  [0.9400L -0.257133
.2 1.149% -.61627 .0k1%18 .083052 ETh -.064Th8 TR0 -.20927
.3 1.0460 -.moﬁm 029865 06247k 50580 -.033137 ﬁw -.19952
n 95113 -.59 020730 045256 37217 -.013629 . -.18052
B .83k05 -.57070 .01365% -031053 25723 -.0026913 | .3120% -.15403
.6 -T2335 -.5349% .0033118 .019686 .16h0% 0022897 | .£1£50 -.12205
T 60667 -.58430 00kE56k .010981 092024 .0033999 | .1309k -.086886
.8 k7905 -.aehh 0018911 .ookBhs51 | .okoB1% 0023970 .&.@» -.051395
K-l 32712 ~.30356 00045197 0012036 .010199 00081027 | .022432 -.019606
11
1.2988 -0.7038% 0.055619 097485 o.Mm@ -0.17685 0.95199 -0.31252
1.195h% -.65678 .okt 075111 68167 -.11401 -T3931 -.26060
3 1.0907 -.68261 .029T1h .056h13 51650 -.mﬁ\m@w .58228 -.23957
.98410 -.65030 020725 050805 .37652 - 14376 -.21062
= BTHTS -.62843 .m%ﬂm 027971 25990 -.02183% | .32354 - AT3Th
6 LTEL1L -.58L88 0083900 017703 16555 -.010000 | .22136 -.13676
7 64057 -.52610 0055205 .0098625 | .092767 003534 | .13712 -.099915
S0TTh - 44543 0029277 .00h346T .o0h1105 -.00069611 anﬁwﬁw ~.056032
9 34818 -.32610 .00056305 .0010787 .010252 .000033519 . ~.021150
X = 0.12
0.1 1.3599 -0.80908 o.mwwE 0873k | 0.89653 -0.24965 o.wﬁw -0.371930
.2 1.2548 -.T9327 . 067170 69636 -.17090 B -.32092
.3 1.1481 -. 77034 09172 .030365 483 -.11399 60402 -.28668
R 1.0399 -.73925 020435 .03637k .38324 -.072883 Jhéeh -.24638
.5 92650 -.65846 013533 025898 26414 -.053813 | .33853 -.20170
.6 80389 -.64572 0083434 015736 16802 -.Brﬁ -£3279 -.pu_.rm
T 68325 -.ﬁ -00L5LET 0087552 . | -.ona .1k%01 -

.8 24369 -. 0019336 .0038336 | .041617 -.00%2T5 | 075541 -.06168%
.9 .37T43% -.3539% .00046633 .00095328]  .01036% -.00085127 | 025498 -.023050
X = 0.10
0.1 1.k -0.93930 | 0.051808 0.0T7093 o. -0.33689 .00k2 -0.46260
.2 1.3345 -.9131% .038635 O9LT2 .wﬁw -.2388% H..Gmmm -.39%32
m 1.22%6 -.87981 .028163 .okk289 5h212 -.Rw .6 ~.34hk5
. 1.1118 -.83816 .019806 .03193% .39376 - 114 e% -. 29046
3 995473 -.T8657 .wwww; .02182% 27091 -.069811 .3 -.23390
.6 87155 -.T2260 0081483 .0137TH .1720% -.cfmw 24805 -.17656
! 08 | - 0019073 | covess | i | s | 0B Z 058366

- - -. . . . -. L. -

-9 wwwnw -.WWMW 00046075 .000832k9 | .020573 -.0018817 oﬁpqumw ~.025476

k = 0.09
0.1 1.4948 -1.0178 0.030302 0.0T1892 0. -0.38822 0271 51299
.2 1.3853 -.98%9 037586 055123 .ﬁdww -.27870 H.mﬂ .m._&mon
.3 1.273% -.9462% -027h%0 .ok1220 55291 -.19566 .mwwmw -.37902
R 1.1580 -.89837 -019339 029656 ko116 -.13255 50385 -.3169%
5 1.0379 -.84038 .012926 020278 27572 -.085961 .37182 -.2333%
.6 91101 -.T6970 00790k, 012768 .17h9k -.050287 25780 -.18997
m .Mmmp u.mmmpr %w.#_ﬁ %483 .mmqﬂd -.%Emm 16205 -.Hmwa.u
9 .42933 -.1m67 .000Y53TS ..8345 “o10721 ~-0024828 ”ogw ..HSmud.
k = 0.08

0.1 1.5585 1.1089 0.048%16 0.066611 0.9Th66 -0.5466! . -0.

-2 1.h467 1.0699 .036323 052020 5290 -.wnwww H.mhou%wm -.w@
.3 1.3320 1.0235 026575 038115 56666 -.22987 .6TT89 -.11882
5 H.Bmm -.96858 018753 027435 .h106% -.15731 52376 - 34755
.3 1.089 -.50323 012557 mw.am .28193 -.10209 .38738 -.27588
.6 .95808 -.82k90 -00TTE90 011795 17869 -.061178 26552 -.20558
m .muuuu -.T2902 0052339 0065434 %w%wm -.032263 16996 -.13882
K] o | o 0oo3BT | oormoms | i | Toosiss | lesor|  —-oseras
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TABIE IT.- VALUES OF FURCTIONS FOR AITERON FLUITER CAICULATIONS - Conmtimued

(m’imm) L KL ¥yt X% S X ! £ X Kong!
X = 0.07

0.1 1.6372 -1.2166 0.04640T 0.061221 1.0085 -0.514%0 1.0951 -0.640k:
.2 1.5022 -1.1697 034808 046838 .TTTE8 - .89543 -5k
.3 1.5039 -1.115% 025310 034957 m -.269L5 .70800 -.k656%
R4 1.2812 -1.0522 018033 025138 . -.1360% m -.38366
.5 1.1525 -.97833 -012093 017137 29005 -.12185 . -.30257
.6 1.0155 -.89087 -ggl’eat% -010789 .18363 -.073725 2839k -.22h13
T .86612 -.78518 . 0059805 10232 -.039270 1796k -

.8 69629 -.6522% .00L" 0026232 ok5097 -.016551 095173 -.085%99
.9 RIUT -.h6902 00043011 00064778 01119% -.00392h42 .g327e2 -.030831
k = 0.06
0.1 1.7369 -1.3476 0.043916 0.05567h 1.0528 ~0.59555 1.1543 -0.72410
.2 1.6178 ~1.291% 032999 .ohesh8 81043 ~.3902 +93L1Lk -.61787

g 15947 -1.2276 .o2k22s .031722 60811 -.31647 JTREST

. 1.3665 -1.1846 017151 022791 4395 -.22011 58003 -.herk

.5 1.2316 -1.070% .01139 015522 30095 -.14523 43178 -

.6 1.087h -.97200 0072483 m 19029 -.088553 .30216 -.28678

T 92934 -.55lk2 003907k - 3 -10591 -.04T3R5 .19182 -.16k8%

.8 . 75869 -.TOT90 0016905 mﬂ 056631 ~.020200 10199 -

.9 50202 -.50782 00041195 . 011560 -.0048319 2035201 | -.033%67
X = 0.05

0.1 1.8681 -1.5:27 0.040965 0.049908 1.1131 -0.69565 1.2108 -0.82913
.2 1.7431 -1.kh452 030833 038098 .ggo:\g -.51610 .99223 -

i - 1.6135 -1.3697 022671, 028375 . -.37h35 .T9785 -.59303
. 1.4779 -1.2845 -016076 gﬂg—? . -.26195 a8 | -.k82ws
.5 1.33%7 -1.187% .010812 . 31605 -.17391 46433 -.37600
.6 1.1808 -1.075% 0067295 m 19957 -.10670 32603 -. 27345
.7 1.0113 -.94288 0036780 . 11093 -.057655 20770 -.13307
.8 81660 = T1923 -00159%0 -0021103 048778 -. 11084 -

.9 57076 -.55760 .00038858 .00032030 | .012077 -.0059388 .038%00 | -.038823

k = 0.045

0.1 1.9509 -1.6237 0.039279 0.056915 1.1519 ~0.75597 1.257 -0.89311
.2 1.8220 -1.539% 029589 035790 88412 -.gﬁbﬁ 1.0312 -

g 1.6881 -1.4568 021773 026641 6616 - 83053 -.63613

. 1.5478 -1.3643 .01%5%0 019112 18 -.28704 64818 -

5] 1.3992 -1.2596 010398 -012999 -32592 -.19108 -.50.

.6 1.2391 -1.1392 006K6TR 0081656 -.1173% 3h101 -.29

g 1.062% - i gigg;g 0053168 nheah ~.06368% %GT% -

9 ~6009% Do | occnige | ioeckams olzkzo | -.0065977 | .oko3ss | - %ga
X = 0.0%

0.1 2.0k98 -1,7318 0.037h26 0.04382% 1.1991 -0.8258% 1.3109 -0.96T66
.2 1.9162 -1.6498 .ogah .033313 91933 -.61612 1.0781 -.ﬁ
3 g T -0k ~ai782%: W50 | -.31602 'gf‘ggg peeest
. 1.6310 -1. .01 . . - . -

.5 1.1359 -1.3443 . .012116 .33802 -.21088 50939 -.430k0

.6 1.3085 -1.2043 .0061837 . .21310 -.13005 .3 -.31370

T 1.1230 ~1.0519 .00, 0042058 11829 -.0T052% . -.20Th6

.8 .90867 - 872932 0024699 .co18%02 051938 -.030368 12293 -.11493

.9 63667 -.62) 00035870 .000453k2 012837 -.0073583% 042760 -.04135%
k = 0.035

0.1 2.2705 | -l. 0.035377 0.0k061Y 1.e576 -0.908%2 1.3T73 -1.056%
.2 2.0309 -1. 026693 030946 96307 -.679%3 1.1358 -.89653
)3; 1.883% -1.681% 019570 023010 7933 -.459662 g{ﬁ:@ -.Th623
. 1.7323 -1.5703 -013978 016450 S1763 ~-.35013 -73859 -.60203
5 1.5691 -1.kh60 0094210 011203 35309 -.22:3{.’3{ .53936 -.h63%6
.6 1.3926 -1.3045 00586 0070313 200h5 - .38069 ~-.33841
g 1.1965 -1.1393 .00 .338855 e -.g;w;gzg 2k387 —.%
it T 66333 | .o003m181 | .o00%1808 | .o1337 | - 3052:99 -.okeg1

X = 0.03

0.1 2.327 -2.046% 0.033093 0.037250 1.3320 -1.0087 1.k622 -1,1650
.2 2.1748 -1.9%40 024989 028365 1.0188 - T625 1.2086 -

a 2.0210 ~1.8321 018428 021030 .T6018 -.55399 .92812 -.819%5
. 1.858 -1.7088 .013105 015098 %El -.39141 76729 -.65939
.5 1.685l ~1.571k 0088380 010253 37243 -.26235 -.50852
.6 1.%3 -1.51158 0055076 0064317 234ke -.16248 -.36881
3 o 3 % it posEed ‘osigke | losors i%gg _°2h$
. 1. - . . . - -

-9 73326 -.T2327 00032172 .0003617% 014072 -. 0092597 049169 --<1>3‘179h6




NACA TN 2590

TABIE IT.- VALUPS (F FULCTIONS FOR ATIERON FLITTER CAICIIATIONS ~ Continusd '

ot P | e | P | By | Ay | Ay | An |
x = 0.025

0.1 2.5186 -2.26T2 0.030530 0.033691 1.4302 -1.135L 1.5738 ~1.3024
.2 2.3618 -2.1509 023057 025634 1.0926 | -.85288 1.30%1 «1.1018
3 2.1968 -2.02%% .017023 .015039 ‘Bahg -.62606 1.057L -.91231
. 2.0226 -1.8858 K .013629 . ~kk322 .83081 -.T3223
5 1.8360 -1.7319 0081754 0092506 39814 -.m 62581 -.gngz
.6 1.6329 -1.558% 0050971 0058001 23036 - 44336 -

g i!{gﬁlé -:1L-3578 0027995 0032017 .13863 :.012932;3 §8509 :‘5‘;&?
9 . LIS | s | o | ok | CREB | B | e
x = 0.02%

0.1 2. -2.3191 Q.029968 0.0329%¢2 1.5538 -1-1646 1.6006 ~1.3346
.2 2. -2, 8?2659{ 025062 1.1103 -.873%0 i.aasa ~1.1288
.3 2.2386 -2, . 01861 81026 -.65969 glso -

R 2.061% -1.927h ou.g;'{ .013323 ﬁoa -~ 15529 o 5% -.Tho43

5 1.87a7 -1.7698 0080300 .0090k25 o435 - 637 - E’r&s

6 i‘h -i;é”? 0050076 0036591 ﬁl -.18567 -’mg ~o416T6

§ e | 33 | B | S | x e | i

9 . -.80980 00029266 00033636 015205 ~.0109%8 034835 -.033743
k = 0.023

0.1 2 -2.37% | o0.029%97 0.032188 1.5789 -1.19% 1.6292 -1.3689
.2 2.5933 -2.2513 022222 .025488 1.1293 -.89930 1.3512 -1.1573
g 2.2832 -2.1179 .016%03 0; .Bhizo - mg 1.0961 ~.95T28

2.1030 -1.9717 01675 01301 .60391 -. .86206 -.T6T58
5 1.9098 -1.8100 0076810 .0088317 51099 -.31h58 64588 -.ﬁ
.6 i 6993 —i@ 0059150 8355365 25834 -.19535 16075 -
3 1 I | ern | 8B | 8B | saes e |- %
9 83630 -.82781 00032830 ~a15h5T -.011263 -055995 =
X = 0.022

0.1 2.6589 ° -2.5331 0.028810 0.031420 1.5060 ~1.2292 1 659{ -1.50%2
.2 2.5040 -2 021781 .023901 1.1496 -.92_;;3 1.377. -1
.3 2.3308 -2.1691 . LOLTTES 8! -.67963 1.1177 -

& 2.14kTh ~2.0190 OL1LkT 012699 .61kh9 -.18169 87938 - ﬁs\h

3 1.9506 ~1.8529 m .00861TL .51810 -.3238% -.60436

6 1.7360 -1.6661 . .005ha1k - . -.20118 57035 -.43681

T 1.59%9 -1.5505 -O02BNTT 0029813 14539 -.11008 -.28645

.8 1.21%2 ~1.1905 .0011512 0013020 063661 ~-. 047664 - 1

.9 85589 - 00028163 00032059 015677 -.0116%3 -037233 “ T3
X = 0,021

0.1 2.7263 -2.595% 0.028205 0.030639 1.53%2 -1.2645 1.% -1.55k1
L 2.553% -2.3653 021306 023305 1.1715 -.9518L 1. -1.2201
13; 2.3820 -2.22k0 015ThT .017300 -.69978 1.1%09 -1.0082
. 2.19%9 -2.0695 .011211 012379 62591 -.49617 89792 -.80763
-5 1.9942 -1.8988 0075693 .008398% L2579 -.33369 .Eggg -.62018
.6 1.2 -1.7069 -] .o0kT218 0052642 2675k - 20737 . .5a788
g 1.5300 -1.58%6 K 0029055 15800 -.1135%0 «30855 ~.29356
. 1.2% -1.2191 0011283 0012685 06hE18 -.0k91k1 16705 -

-9 -875%1 -.86630 00031230 015974 -.01199% 058556 =.05TAS3
X = 0.020

p-l 2.2?23 -2.563p 0.027582 0.029843 1.5665 -1.3029 1.7a8% -1,4857
.2 2. -2.2283 m 022696 1.1951 -.98076 1.%357 -1.2547
:g g.gﬁg -:,aaaa B 016846 289& ~.T2136 1 ;i_?gz -}.0363
5 Shn | ZRE | uee | ands | ihe | Tihae | Bk | SR
.6 1.% -1.7508 .00k6212 0051250 27269 -.21399 ko17e -.459712
g 1. ~1.523% 0025391 0028277 15082 -~ 11717 .31681 -.30120
R 1.2733 -1.2498 0011050 0012350 062584 -.030796 17104 -.16537
.9 8962k -.89788 00027078 00030336 016262 -.012%01 09980 -.058960

X = 0.019

0.1 2.8548 -2.6357 0.026938 0.029032 1.6005 -1.3k32 1 =1.5304
.2 2.6801 e.gg?i 020375 o:zﬁ 1.2208 -1.0118 1. -1.2921
g 2.4964 -2. 015059 .016; 90853 - Thhh5 1.1929 -1.0666
. E'ﬁ -2.3820 01071 .011721 ggusb ~.52800 93954 - %ﬁe
3 2 -2.0011 . -0079503 54309 -.3534%9 T0933 - 5
.6 1.8629 -1.7980 0045165 .00%95818 27829 -.22108 ggﬂ -

g 1.6063 -1.56%1 .002k821 .002T48T 15390 -.12108 . - %
. 1.3058 -1.2828 0010796 0012001 @ -.0%52500 17533 -
.9 91929 - 00026597 00029461, R -.012818 B -.060518
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TABLE II.- VALUES OF FUNCTIORS FOR ATEERON FLUTTER CAICULATIORS - Contimued

(] ] v * ] ] U
T I T O O I T .
: x = 0.018

0.1 2.9271 -2, 0.0262T2 0.02820% 1.637% -1.3871 1.8089 ~1.5786
.2 2.7486 -e.% 019874 021544 1.2#332 ~1.04%2 1.5038 ~1.3323
2 2.5607 ~2.41k% 015681 01591k 9290k -.T693% 1.2209 -1.0993
. 2.3612 ~2.2K%51 010456 .011383 66621, - 96296 -

.3 2.1467 -2.0583 &73206 45289 - gg?; -.6

.6 1.9122 -1.8%90 +O0kkOTh o ';;",;'6 .28kk40 - . -

'B{ i;‘gg -1.6081 ooehe% . 5;. % -.051??52 33319 -.iw;;g

9 o | i | e | oz | SR | B B sk
X = 0.017

0.1 3.0059 -2 0.025383 0.027357 1.6T19 -1.h3k! 1.8546 -1.6308
.2 2.8232 -2 .019 gzg-( 1.2791 -1.082 1.3%26 -1.

.3 2.6308 -2.4887 014300 . 31 95150 - 1.25%1 ~1.13%7
R a.ggi -2.3135 B 011037 .68216 -.5653T .58830 ~.90732
.5 2. -2.1206 0068811 0075851 L6364 - T4683 -.69539
.6 1.9658 -1.90k4 00l2948 0056893 29111 ~.£3691 53072 ~+50130
;{ 1.69%8 -1.65%8 40025869 16094 - .3h232 -.32802
. 1.3792 -1.35T5 0010270 0011292 -.05629% 18505 - 3%22
9 971482 ~96373 00025201 0002TT2T 017388 -.01371k 064967 -

k = 0.016

0.1 3.0922 -2.89 0.024870 0.026483 1.7222 ~1.k861 1.9048 ~1.6877
.2 2.9048 -2.733 018820 020134 1.3125 -1.1208 1.58%0 -1.%233
3 2.7075 -2.5595 013906 .014938 -.623%2 1.2891 ~1.1733
R 2.5976 -2.3881 0099057 .010683 69962 -.58637 1.0165 -.gn:EGB
.5 2.271{ -2.188% 0066931 . 38 R -.39501 JT683L -.T183%
.6 - ~1.96%9 00kLTT9 9379 .298%ko -.24589 k620 ~. 51761
g i&fg -i ;rgg; 0022970 0025028 16498 -.13k79 35246 -

9. 1.0011 —9935% | .000owsR | .00026819 | .o1T780 | -.olhefl e | oo
. k = 0.015 B

0.1 3.18T1 -2.9925 0.024129 0.025558 1.2 ~1.5426 1.9601 =1.7499
.2 2.9958 -2.8316 018062 019455 1.3%% -1.1638 1.6319 =1.5k52
.3 2.7918 -2.658% 013495 32 1.0033 - 1.327T -1.2155
.; a.% -2.5701 0096155 010320 <7189k -.h1063 1%733,91 ~.97099
. 2. -2.2628 . K 83 - -
£ 2.0889 -p.0312 m 0043828 30652 - 56320 -.53%
! i | 305 | e | bk | ong | b s | Tk
9 10337 | -1.0065 .00023810 | .000z9902 | .018238 | -.0LN678 089109 | -.06B23%

k = 0.01k
0.1 3.292k% ~3.1042 0.023357 0.02458¢ 1.8255 -1.6047 2.0215 -1,
.2 3.0953 -2.9367 .OLTE80 018757 1 -1.2111 1.6838 -1.
g 2.8853 -2.7563 013068 .013912 1.0, - m 1.% -1.2621
. 2.6629 -2.5603 .0093118 .%‘m Thohs - 1. ~1.0077
5 2.h230 -2.3451 0062926 .006TH38 . -.E 81803 -.Tne8
.6 2.1603 -2.1045 0039268 0042238 3.1{?5 -l 88200 - 55525
g 1.?8 -1 e .ooa].soa7 -0023293 17433 -.{‘.6#63% g;;;;(. -.36282
. 15077 -1 0009401’ 0010165 - . -.15869
.9 1.0697 -1.0627 00023063 000245563 018772 - 071516 -.070646
X = 0.013

0.1 3.5097 -3.2086 0.022555 0.023739 1.886% -1.2235 2. -1.89%5
.2 3.8053 -3.0533 . .OLTOTH %&3&% 1 gg& ~1.2639 1.% -1.5560
.3 2.989% -2.8651 012621 . 1 761* -.9316% 1.5k181 -1.3138
N 2.7%k -2,6607 0089943 0095637 sk -.66238 1.1195 ~1.0486
K] 2,515 -2,5365 0060789 .006K832 51920 -. 4665 85715 -.80219
.6 2.2398 -2.1860 0037957 . 32570 -.27628 60292 =-5TT23
g i g_algg -iggg; .m3 0022387 17993 ~. 18267 gog :.gusg
9 13058 21,1631 lcoozeogh | .oooz3oBh | .c19430 | -.c161% o7 | -.07338L

X = 0,012 '

0.1 . -3.36 0.021 0022764 1. ~1.7505 21675 -1.9797
K-} 3&7 -§mﬁ ‘ .o:l.a'rlyf 1794 1.%32 -1.3221 1.80m1 -1.6669
E 3.1065 ~2.9871 .012133 1.1056 -.978 1.2@ -1.3716
. 2.8682 ~2.T73% 0086626 10091670 JT9L -.69336 1. -2.09%
5 2.6112 -2.5390 0059552 0062137 53713 -.5678% 87996 -.usbg
£ 2.3291 -2 0036566 .33710 ~. 29157 62656 -

) Yom | aEe | Soogiiay | lomsg | roeom o933 | -
9 1.1543 11484 ppreslie 00023000 | .020058 | -. s | - mg?;a




VATUES OF FUNCTIONS FOR ATTFRON FLUTTER CAICULATIONE - Concluded

TABIE II.-
L k2Lt K27, 1 K2R, ! K2R Ko 12, 1 KON k2N, !
k = 0.011

o1 2 /RO17 -2 ROsN N NonRan A _No1TEN o A0 _1 fAara A AREA A AEL

Vol RS | Js JEIV Mo VESY O Vel | Jg LeU )y Lel[ D Se NV o sV [ 2
.2 3.4719 | -3.3302 LOL5T7Th 016523 1.5471 -1.3881 1.881% -1.7472
.3 3.2365 | -3.1252 .011663 012251 1.1h491 -1.,0243 1.5331 -1.4370
A 2.9917 | -2.9010 .0083139 0087565 .82262 -. 72876 1.2112 -1.1458
.5 e.7eke | -2.6551 . 0056202 .0059347 .5583% -.k9176 91728 -.87576
.6 2.430k | -2.3810 .0035105 0037155 .35009 -.30658 .65338 -.6296L
T 2.0995 | -2.0674 .0019308 0020485 .19327 -.16835 heok8 -. k1087
.8 1.7099 | -1.6923 .000840k2 .0008938L .08 Y -.077263 .23988 -.23588
.9 1.2059 | -1.1998 .00020593 00021976 . 020733 -. 017948 .080575 -.0T9806

k = 0.010

0.1 3.8640 | -3.7050 | 0.019900 0.020700 2.1229 -1.9363 2.3572 -2.1855
.2 3.6347 | -3.5015 .015072 .015722 1.6152 -1.4636 1.9668 -1.8390
3 3.3922 | -3.2832 .0111L5 .011656 1.1993 -1.0802 1.6034 -1.5117
oh 3.133% | -3.0469 .00T9L462 0083294 .85836 -. 76880 | 1.2672 ~1.2048
5 2.8538 | -2.7880 0053724 .0056148 58247 -.51893 96003 -.92053
.6 2.5467 | -2.4996 -0033557 .0035340 .36512 -, 32364 68415 -.66149
T 2.200L | -2.1698 .0018459 .0019482 .20154 - 17775 L4253 -.13150
.8 1.7924 | -1.7758 . 00080360 .00084993 .088031 -.077263 23988 -.23588
.9 1.2645 | -1.2586 00019691 .00020858 .021638 ~.018934 .08451 | -.083757

W

fic

06¢2 NI VIVN



4y NACA TN 2590 | : 25

y
;“ »r . : Mﬂw
f ;
x! = beo x! = 2b
|
| xt = 2bxy
|
‘ V=a | ,
! <« H X
: 0 ) .
|
I
|
( i
I
|
f — e — l ~ ‘
(a) Projection of wing strip on x'y'-plane.
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; Figure 1.- Sketch illustrating coordinate system and the degrees of
freedom o, h, and B.
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" Figure 2.- Magnitude of lift-curve slope and moment-curve elope against
reduced frequency for several Mach numbers.

dcy
o
““h

93

0662 NI ¥OUN



S S

4w e e

el e o

. \\

0-5

J"'?

A
|\

/‘»0

AR =

6.4l N ™ \\ S e —
% e N T T ]
1".& = ~ —— —
\\\\ L T .‘——_-._'___‘_‘10/8

==t = . ~ BIPI—h i ——-%10/7

3o | 1 1 [77r=- I plepls sl === =7
' _-'._____,_Ca.o

1,

.1 . -2 -3 cl'l' -5 IG -7 -g -9 loo
) 4

(b) Lift-curve slope associated with pitching of wing.
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Figure 2.- Continued.
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(d) Moment-curve slope associated with pitching of wing.
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(e) Phase angle between 1ift vector due to vertical translation and
verticel veloclty vector h.

Filgure 3.- Phase angles plotted agasinst reduced frequency for several
Mach numbers,
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(b) Phase angle between 1ift vector due to pitching and angular
displacement vector «.

Figure 3.- Continued.
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~ (c) Phase angle between moment vettor due to vertical tremslation and
vertical velocity vector h.

" Figure 3.- Continued.

ct

066 NI VOVH



e — e

Ogqm, deg

1 oy |
L]
= =
/////
//f/, . oo
eko ] — 10/7
L~
// — —:‘”"A. ‘o
220 ) // ___,__-_?J.’-:%F:"‘;"/ r10/8
A P A ==
7 Bar au
/ N / P
Ew /ff 2.0 4’7‘ /"_”’ .
/;é—‘/_ —’égﬂ/’{j}/ _

1%0 'Egﬁfﬂéf“'“"ﬂ7AiO§- e

S=2dN ,7/5’ 1. ‘T’

' 14" 110/4
160 ,;/

»

12 ' | |

% 1 & .3 : 5 € I - .9 1.0

k

(d) Phase angle between moment vector due to pitching end angular
displacement vector a.

Figure 3.~ Concluded.
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Figure 5.- Flutter-speed coefficient against Mach number for several
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of referehce 5 modified to include calculated values indicated
by circles.)
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Figure 6.-Flutter-speed coefficient against frequency ratio for several
values of M when a =0, xy = 0.2, and % = 10. (Figure 19 of

reference 5 modified to include calculated values indicated by circles.)
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